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I Hardenal>le realn composltiona uaeftit In forming hard pamneabie nr^assea In remote locationa or 
zonee, oompriae a hardenable poiyepoxide resin, one or more aubstentialiy water bnmisdbte diluente 
present In said resin composition to lower the viaoosity thereof, and a hardening agent comprised of the 
adduct fbmrred by reacting an aliphatic amine with the oondenaation reaction product of eplchlorohyd- 
rfn and bisphend A. 
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This invention relatat to a hardenable min composition. 

Resin compositions useftii for consolidating particulate materfais into hard permeable masses havs been 
developed and used herstoTors. In the oil Industry, resin compositions and methods for placing particulate ma- 
teriale coated therewith are used, for example, to form hard permeable masses in subtsrrenean formations 
B containing loose or incompetent sands vvhich migrate with hydrocarbons produced therefrom. The hard per- 
meable massee formed by the consolidated particulate materlale reduce or prevent the migration of loose or 
incompetent sands when placed bdween the producing formatione and the well bores penetrating the forma- 
tions. 

One technique which has herstofors been utlfczed suocessftily for forming a oonadidated, permeable, par- 
ts ticulate maae between a weU bors and a producing formation invohres coating the formation sand adjacent 
the well bors with a hardenable rssin and then causing the rssin to harden. An alternative technique haa been 
to coat sand with a hardenable resin on the surfoce. to suspend the coated sand In a gelled aqueoue carrier 
liquid and then to pump the suspension by way of the well bors into ths formation whereby the resin coated 
sand is deposited therein. The resin on the deposited sand Is caused to harden whereby s solid, permeable, 
1$ particulate mass is formed. 

Methods or continuously forming and suspending consolldatlble resin compoeition coated particulate ma- 
terial in a gslled aqueoue carrier liquid and transporting the coated particulate material by way of the geOed 
aqueous carrier liquid to a zone in which it Is consolidated are described In U.S. Patent No. 4.829,100 iasued 
May 9, 1980. In accordance with such methode, substentialiy continuous strsams oT a geited aqueous carrier 
20 liquid, unooatsd particulate material, a resIn compositton which will subsequently harden and a surfoce actNe 
agent ars admbcsd whereby the particulate material Is continuously coated %vfth rssin composition and sus- 
pended In the gslled aqueous carrier liquid. 

Whfle the methods and compositions disclosed In Patently. 4,829.100 have been ussd successfoUy. the 
preferred hsrdenlng agents, i.e., hardening agenta Including methylene dianllne have been found to be'car- 
20 dnogenic and therefore hazardoua to perBonpei, and to be incompatible with some other commonly used com- 
ponsnto In gelled aqueous fluids such as oxidative gel breakerB and the lllce. Aliphatic amines have been util- 
ized and an well icnown to those sklllsd in the art as hardsnlng agento for epoxy lesins. However, because 
such amines ars either solubis In or form emulsions with water, they tend to separate firom the resin compo- 
sition whUe the rssin compositton is being mbced or placed, and as a result, thsy often do not satisfactorily 
30 cause the raein compoeitton to harden. 

Thue. there is s need for an improved hardenable resin composition which is less hazardous to peieonnel, 
which is compatibte with other componento utilized in subterranean formation treating fluids and which cauaes 
the rssin composition to mp\dfy harden and develop high etrength in the presence of water. 

We have now devised an improved hardenable resin composition by which the disadvantagea of prior art 
35 compositions are reduced or overcome. 

The rssin composlttons of this Invsntlon ars basically comprised of a hardenable pdyepoxide resin, one 
or mors substantially watsr immiscible dHuento prssent In the rssin compositton In amounto suff Idsnt to lower 
the viscosity thereof to a desirsd level and a hardening agent comprised of the adduct formed by reacting an 
aliphatic amine with the condensation rsactlon product of opichlorohydrin and bisphenol A. The hardening 
40 agent Is non-cardnogenlc and Is compatible with most componento utUized In subtsrianean formation com- 
plstlon and stimulatton fluids including oxidative gel breakers. 

Ths above-described rssin compositton can be dispersed In a gelled aqueous carrier llquto atong with par- 
ticulate material and a surfoce active agent whereby the partk:ulate material Is coated with the resin compo- 
sitton and suspended in the carrier lk|uto. The resulting compositton can bs used to deposit the resin coated 
40 particulate material in a eubterranean zone between a hydrocartwn producing formation and a well bore where- 
by it is oonsoiktated Into a hard permeable partkMiate mass therein. The permeable parttoulate mass f^ncttons 
to prsvent the migratton of tooss or incompetent material in the producing formatton with hydrocarbons pro- 
duced thsrsfnom. The gelled aqueoue llquto compositton contelning rssto coated paticuiate material can aleo 
be utilized In stimulation procedures such as in eubterranean formatton factoring whereto the fraduree are 
so maintained open by placing the resto coated parttoutote material t herein and causing It to form a coned toated 
permeable mass. 

Methods of continuously fcMTfiing and suspending consd toati)to resin coated partk^ulate matsrial In a geil* 
ed aqueous carrier liquid and transporting ths reeulting composition to a zone In which the particulate material 
is to be consolktatsd ars also provMed. 
50 As menttoned above, hardenable rssin compostttons usefol In fcrmtog hard permeable masses In remote 
iocattone have been developed and used herstofors. Also, methods of continuously forming and suspending 
oonsdtoatibto rssinoompositton coated pertk»late material in a geUed aqueous csr^ 
ths coated partioMe Riaterial by way of the carrier lk|uM to e zone to whtoh the particd 
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solidated have been known and used haretofora. U.S. Patent No. 4.829,100 to which rarerence should be made 
fbr ftjrther detala, diadoses such rastn compositions and n^ethods. However, the hardening agents most com- 
moniy utilzed in the lealn oomposKions used for carrying out the methods described In Patent No. 4,829.1 00, 
La., hardening agente Including methylene dianllne, preeent several problema. The meet aevere problem Is 
s that methylene dianllne haa been found to be a carcinogenic materW and therefore it constitutes a hazard to 
personnel. 

Another problem with the uae of hardening agento comprised of methylene dIanBlne la that methylene dia- 
nOine Is inccmpatible with other oomponente utOized in subterranean formation completion and stimulating 
fluids. For example, geled fracturing fluide often include delayed gel breakers of the oxidatWe type such as 

fo sodium perautfoto. Methylene dianBlne adversely reacte with such osddath/e compounda to dimlniah or extin- 
guish their abiity to fonctksn as gel brsakers. 

Aliphatic and cydoaliphatic amines aie well known In the art aa hardening agento for epoxy realna. Such 
amines are readly available and produce excellent hardening results. However, aliphatic and cycfoailphatic 
amines are either soluble in water or form emuletona in water whereby they do not fUnctkm well in the preeence 

f 5 of water. That Is, the solubility or emulsifying tendencies of aminee in watar tends to cauae amines when used 
as hardening agente to be separsted from the resin thereby diminishing the resin hardening process caused 

^'^^^TtHS hardening agente of the improved reeln compositions and methods <a the present Inventfon are com- 
prised of certein adducte of aliphatic or cydoaliphatic aminee. The adducte do not pravent the aminee (irom 

20 producing rapMly hardened epoxy realns of excellent sbengths, but they do obviate the problems aasodated 
with water aohibUity or emuislfk^tfon described above. 

An Improved haidenable reain compositfon of the prssent Invention is comprised of a hardenable pdyep- 
oxtale resin, one or more substentlaily water Immlsdble dHuente prssent in the resin composition In amounto 
stiff telent to lower the viscosity of the composition to a desirsd level and a hardening agent comprised of an 

20 adduct fbrmed by reacting an allphatto or cydoaliphatic amine with the condensatton rsaction product di epi- 
chlorohydrbi and bisphend A. The term "aliphatic amine' Is used hereinafter to mean cydoaliphatic aminee 
as well ae straight or branched chain aminee. 

While a variety of allphatfc amines can be utilized, prsferred amines are thoae sdected from the group 
consisting of ethylene diantine, triethylene totramine. tetraethyiene pentamine, bls-(p-aminocydohexyl) me- 

90 thane, the diamines and triamlnee of cydopentane and the diamines and tiiaminea of cydohexane, e.g., 1 ,2* 
diamine cydohexane and 1 ,4-diamino cydohexane. Of these, triethylene tetrsmine, 1,2-dlamlno cydohexane 
and 1,4-dtamino cydohexane are mors prsforrsd with 1.4-dlamino cydohexane being the most preferred. 

The adducte of the aliphatic amines ars prsparsd by prs-rsading a sdected amine with the reactfon prod- 
uct of epichlorohydrfn and bfsphend A. The condeneatton reaction product of epichforohydrin and bisphend 

3S A can be represented aafdtowa: 

CH, 

2 CHjCX^HCHjCl + HO-Q-C-^J-OH 
40 epichlorohydrin | 

CH, 

bisphenol A 

Crif- Ol - CH, - O-^^C-^^O - CH, • CH - dH, + 2 Cl 

CH, 

so 

When the oondensatkMi rsactton product of epichforohydrin and bisphend A is rsacted with an aliphatic 
amine, the addud of the amine Is ft)rmed. When the amine is, for example. 1 .4-diamino cydohexane, the ad- 
dud formatton reactton can be represented aa followe: 

50 
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2BjH-0**"*a ♦ CH, - « - CH, - 0-^<;;^O - CH, c!h - CH, 

l,4-4Xi»ino cyciohmans | 

OB CH, OH 

M-O"™ - - A - CH, - O.^C-^0 - CH, - JL - CH, - m-Q-HH, 
10 CB, 

Poly0poxid« resins which can ba utiizad in tha abova-daacribad hardanabia raain composition induda oon- 
danaatton producta of apichtorohyddn and nniltlpla hydroxy oonipounda such aa raaorcinol hydroqulnona, gly- 
1$ carina, pantsarythrftol, 1 ,4-butanadlol, phlorogkidnol, bisphand A and blaphand F. Tha atructural fbrmula of 
biaphand F la aa folowa: 



H 
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26 Tha prafarrad raalna ara tha condanaatlon raaIn products of apichlorohydrln and bisphand A. A commarcially 
availaUa such produd Is markatad by tha Shdl Chamtcal Company of Houston, Texas, under the tradenanie 
Epon 828™. Epon 828''*' reain exhibits good temperature stabili^ and chemical reeiatanca, and haa a viacosHy 
of about 15,000 centlpdaaa. 

Tha one or more substantially water Inmilscible diuents utiized in the resin composition are present there- 

90 in In amounta auff ident to adjuat the viecoaity of tha composition to a deairad levd, generally a lavd in the 
range of from about 100 centlpoises to about 800 centipoiaea. Prafsrably, two polar organic diuenta ara uaed 
which are ntiaclble with the pdyepoxide reain and subsfesntially Immiadble with water. One of auch diluents Is 
prafsrably rsactlve with the epoxy resin component with tha other diluent being non-readlve. 

The substsntidly water immiscible reactive diluent la preferably comprised of at laaat one member sdected 

30 from the group consisting of butyl glyddyl ether, cresol glycldyl ether, aiyt glyddyl ether, phenyl glycidyl ether, 
diglyddyl ether of 1,4-butanedld (butyl diglyddyl ether) and rsaordnd (reeorelnd diglyddyl ether) and other 
glyddyl ethers which ara miadUa with tha epoxy reain utilized. Of theaa. butyl glyddyl ether and cresol glycidyl 
ether ara the moat prsfarrad. The readlva diluent or diluents ara generally present in the reain composition 
in an amount In the range of from about 2 to about 35 parts by weight per 100 parte by weight of the pdyepoxy 

40 rssin piasent Preferably, the raactlve diluent ie preaent in tha range of from about 15 to about 30, and moat 
prafsrably, about 28 parta by weight per 100 parta by weight of pdyapoxida reebi. 

The substantially water immiscible non-readlve dluent la preferably adected from tha group conalating 
of compounda having the structural formula: 
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R, - C - OR or R| - C - 0R,0 - C - R, 

wharsin R ia C„Hte^i in which n ia an integer In the range of from 1 to about 5; R^ is CiaH2iB4.i whaiain 
m lean integer in the range of firomi to about 4, or Ri la 
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wheiBin y Is an intsgar In the range of from 1 to about 4 and X la independently H or OH; and la C.H2B 
wheiein a is an Integer In the range of from 2 to about 9. 

Of the oompounda fialling within the above-deacdbed group, ethyl acetate, butyl lactate, ethyl lactate, amy! 
acetate, ethytena glycol diacetata and propylene glycol diaoetate are prafarrad. Of theae, butyl lactate ia the 
5 moat prefarrad. 

The 8ul»lantlally water Immladbie non-reacUve diuent la generally preaent in the raain compoaition in the 
range of from about 4 to about 20 parte by weight per 100 parte by weight of the pdyepoxide resin preaent 
Prefarafaty, the non-reactive diuent to preaent in an amount in the range offrom about 8 to about 15, and moal 
preferably, about 10 parta by weight par 100 parts by weight of the pdyepoxide raain praaent 

10 Examplee of other diuento which can be utfllzed aie methyl alcohol and other low molecular weight aika- 
nde, totrahydroftjrfuryl methacrylato and ethyl acetate. 

The above-deecrlbed hardening agent, i.e.. the adduct formed by reacting an aliphatic amine with the con- 
denaation reaction product of epichlorohydrin and biaphend A, Is generally present in the raain composition 
In an amount in the range offrom about 20 to about 150 parte by weight per 100 parte by weight of pdyepoxide 

15 rasln. Prsfsrably, the hardening agent ia preaent In an amount in the range of from about 40 to about 90, and 
moat preferably, about 68 parte by weight per 100 parte of polyepoxide resin. 

The hardenaUe raain compoaition can also indude ratarders or aooalerators as hardening rate contrdlers 
tolengthenorahorten the working and cuns times of the resin composition. Low molecular weight organic acid 
eater retarders such aa alkyi esters of alkyi adda conteining about 2 to 3 carbon atoms can be utilzed. Suitable 

20 acceleratora indude 2.4,&-trisdimethylaminomethytphend, the ethyl hexonato salt thereof and weak organic 
adds such aa ftjmarfc, erythorbk:, aacorbic, salicylic and mdete acMa. When a retardar or acodenrtor la utll- 
ized, it ia generally combined with the radn compodtton In amounte up to about 10 parte by weight per 100 
parte by weight of pdyepoxide radn. 

While the above-deacribed hardenade rasln compositkMi can be utilized in a variety of applicattons, it is 

25 partkMlarly suHade for use in oil and gaa wdi completion and stimulatton proceduraa. In audi applicattona, 
the redn la generdly utilized to oonedldato particutato materld, either particdato matorld admixed with the 
raain compodtlon and introduced into a subterranean zone by way of a wdl bore or loose or incompetent par- 
ticdato materld contained within one or more subterranean formationa penetrated by the wdl bora, in such 
applicattona, the rasln compositton preferably dso indudes a resin to particulate materld coupling agent to 

ao promote bonding of the reain to the particutato materld. A prefarrsd such coupling agent ia N-betB-(aminoe- 
thyiHiamma-aminopropyttrimethoxyalane. The coupling agent generally can be Induded In the reaIn oompo- 
sitton In an amount from about 0.1 to about 2 parte by weight per 100 parte by weight of polyepoxide resin. 

A composition of the prssent Inventton ueefrjl In forming a hard permeade maea in a remote locatton, e.g., 
a subterranean formatkm penetrated by a wdl bora, ia comprlaed of an aqueoue liquid, at leaat one hydratabta 

35 pdyaaccharUe gelling agent the above-described resin compositkm, particulate materld such as sand and 
one or more surface active agente for promoting the coating of the particulate materld with the redn compo- 
sition. 

The aqueoue IkiukI can be freah water, brine or sea water. A variety of hydratade pdyaaccharide gdling 
agente can be utilized having mdeculer weighte in the range offrom about 100.000 to 4,000,000, preferably 

40 from about 600.000 to 2.400,000. Prafsrady, the pdysaccharkle pdymar gelling agente are cdiulose or guar 
derlvatlvee. The pdymere Indude subatltuente such as hydraxyethyl to give the necessary water hydratton 
and gd characteristics to produce a dear aqueoue gd having a viscosity of at leaat about 30 centlpoises (read- 
ing on a Fann V.Q. meter at 300 rpm). Prsferrsd such pdymere indude subatituted cart)oxy and hydroxy aikyi 
cdidoae, such aa hydroxyethylcdlutoae and cart>oxymethylhydrQxyethylodid08e, and aubatHuted hydrox- 

45 ydlcylguar, audi as hydroxypropylguar. The most preferred pdysaccharide pdymer gdling agent is hydroxy- 
propylguar having a nrK)lecular weight in the range of from about 100,000 to about 4,000,000, and having a 
propylene oxide eubatihjtion (MS) of about 0.1 to about 0.7 mdee oT propytane oodde per mde of manndae 
and galndose in the guar. 

The surface active agent for promoting the coating of the partlcdate material can be one or more cationic 

so surface active agente or one or mora non-catlonic surface active agente, or one or more of both. As used herdn, 
a noncationic surface active agent indudee a blend of anionic and non-ionic surface active agents. 

UseM cationic aurface active agente indude the reactton product of an dcohd, epichlorohydrin and trie- 
thytenedlamine wherein monohydric diphatic aicohda having in the range offrom about 12 to about 16 carbon 
atoma are reacted with from 2 to 3 molea of epichlorohydrte per mde of dcohd fdtowed by reaction with an 

55 exoeaa of trlathylanediamine. The doohol-epichlorohydrin reaction product contalna an ethoxylatfon chain hav- 
ing pendent ddortdea. The subsequent reaction with trirthylenedlamine pravMea a cationic and a tartioy 
amine (kinctlondity to the resulting product 

The non-cattonle surfsctente are prefsrably dhoxylated fatty adda produced by readbig f^ 
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tabling torn about 12 to about 22 carbon ^omt with from about 5 to about 20 moles of ethylene oxide per 
mde of add, moat preferably from about 12 to about 18 nwles of ethylene oxMe per mole of add, to produce 
a mbduie of various quantltlee of ethoxylated adds and unraacted acida. 

When the gdllng agent used is a cdhilose derivative, one preferred surfeos active agent is a Mend com- 

$ prised of Isopiopyl doohd, the cationic agent deecri>ed above and the non-cationic agent described above 
wherein the weight ratio of cationic agent to noiMationic agent in the blend is in the range of from about 0.4 
tol, and preferably aboutO.6 parts bywelghtcationicagent perl pert by weight non-catkmic agent and where- 
in the weight ratio of isopropyl aloohd to non-cationle agent In the blend la aboitf 1 part by weight alcohol per 
1 part by weight noivcatlonic agent 

10 When the gelling agent used herein is a galadomannan gum, a preferred surfeoe active agmt la a blend 
oomprieed of aicohd, e.g., amyl aloohd, the cationic agent deacribed above and the non-catkMilc agent de- 
scribed above wherein the weight ratio of cationic agent to non-crtionic agent in the blend la bi the range of 
0 to 1, and preferably about 0^ parts by weight cationic agent per 1 part by weight non-catlonic agent and 
wherein the weight ratio of alcohd to noncationic agent In a blend Is about 1 part by wslght alcohd per 1 part 

IB by weight non-catlonic agent 

After being prepared, the above-described composition is comprised of resin composition coated partic- 
ulate material suspended in a gdled aqueous liquid. The gelled aqueous liquid preferably contains the pdy- 
saocharide polymer utlbed In an amount In the range of from about 20 to about 120 tbs of pdymer per 1000 
gallone of water, brine or sea water whereby the gdled aqueous liquid has a viscosity In the range of from about 

20 1 0 centlpolsee to about 400 centipoises. Most preferably, the gelled aqueoue carrier liquid Indudee from about 
30 to about 80 lbs of gdling agent per 1000 gallons of watsr, brine or sea water, and has a viscosity of from 
about 15 to about 100 centlpoisea. As Is wdl understood by those skilled In the art, the gdled aqueoue liquid 
can be creedinked to Increaae Its viscosity and stability. 

The composition Is transported to a remote locatton or zone where the redn coatsd particulate materid 

20 la to be depoelted and oonsdklated. For example, the composition can be pumped down a wdl bora into a 
zone penetrated thereby adjacent a hydrocartion producing formation. A gd breaker is preferably induded In 
the gdled aqueoue lk|ukl to cause it to revert to a relatlvdy thin llquki at the time the redn coated partteulate 
materid reaches the locatkm of the zone. While a variety of gd breakere which are wdl known in the art can 
be utiized, an oxidative type of breaker such as sodium pereulfate Is preferred. Such oxkJatlve gd breakers 

30 are generally Induded in the compoeitton In an amount In the range of from about 0.5 pounda to about 50 
pounde per 1000 gdlone of gdled aqueous carrier llquki, but the particular amount depende upon the specific 
time period required between when the gd breaker ie added and when the gd muat be broken. Increases In 
the amount of gd breaker shorten such time period. As mentkxfied above, the redn compositton can dso in- 
dude retaidere or accderatore aa required to lengthen or shorten the working and cure timee of the resin com- 
as positton. 

A specif Ie prefsrrsd resin compodtkMi for use In the above-described compodtton containing an aqueous 
liquid, a gdling agent particulate materid, one or more surfiaoe acth/e agenfe and the resin composition is 
comprised of an epichlorohydrin and bisphend Aepoxy redn present in the resin composition in an amount 
of about 48% by wslght of ths oompositk>n.Asubstantldly water Immisclbie reacth/e diluent comprised of butyl 

40 glyddyl ether Is prssent In the oomposltkm in an amount of about 8.5% by weight and a substantldly water 
Inunlecibfe non-reactive diluent comprised of butyl iactate Ie preeent In the oomposltk)n in an amount of about 
6% by weight A hardening agent comprised of the adduct formed by reacting 1 ,4-dlamino cydohexane with 
the condensatkm reaction product of epk:hk)rohydrin and blephend A is included In the redn oompositkMi in 
an amount of about 35% \ay weight An N-beta-(amlnoethyl)-gamnia-aminopropyltrimethoxysltane coupling 

45 agent ia present In the compodtion In an amount of about 1 .0% by weight and an accderator comprised of the 
ethylhexonato sdt of dimethylamlnomethylphend Ie present In the redn compoeitton in an anKiunt of about 
5% by weight of the compodtkMi. This redn oompositkNi hae a viscosity of about 200 centlpolsee, a working 
timeof about 1.5 hrs. and a cure time of about 8 hrs. at SO^^F. When the accderator ia not prssent in the com- 
podtion ft hae a working time of about 7 hre. and a cure time of about 84 hrs. 

50 In accordance with the methods of the prsssnt invsntion, a gdled aqueoue liquid composition contdning 
rssln coated particdate materid ie continuously formed and transported to s remots locatkxi. That is, a geled 
aqueous lk|ukl is prspared in a storage contdner by combining e polyaaccharide pdymer gdling agent of the 
type described above with frseh watsr, brine or sea water. The hardenade resin compodtion dsscribed above 
is prepared in a separate container by mixing the pdyepoxMe rssin ussd wih the substsntidly water Immiscibte 

55 diluent or dBuents used and the hardening agent Continuous streams of the gdled aqueous lk|uid, ths hard- 
enable redn oompositkm. psrticulats materid, one or more liquid surfeoe active agents and liquid gd brsaker 
are conducted to a contlnuoue mbdng apparatue wherdn they ere mbced and a gdled aqueoue carrier Hquld 
having redn oompodtkm coatsd particdate materide suspended therein Is formed The oompodtton Is con- 



EP0S28S98A1 



tlnuoualy pumped from the mixing apparatus to the remote location where the resin coated particulate material 
Is to be depoeited and consolidated Into a hard permeable mass, e.g., a subterranean zone penetrated by a 
well bore. As Is wel understood by those akiled in the art, the zone may first be conditioned by pr^ushlng 
with a suitable conditioning liquid and/or after flushee may be used to insure uniform placement, consolidation 
and maximum permeabllty of the deposited resin coated particulate material. 

In order to ftirther liustrate the compositions and methods of the present invention, the foilowing example 
is given. 



EKsmpie 

Tests were performed to illustrate the differencee remilting from the use of the compositions of the present 
invention including 1 ,4-diamino cydohexane-blsphend Aadduct hardener and compositions including methy- 
lene dlaniline hardener and unnKidined amine hardener. The aqueous gel In ail teM wee comprised of 0.5% 
by weight of a oommerd^ guar gellfaig agent and 2% by weight KQ in tap water. In addttlon 0.3% by weight 
of a blend of surfactants to promote coating of the mixed epoxy resin onto the sand was included In the gel. 
This blend was approximately 16% by weight cocobetaine, 25% by weight Isopropand. 29% by weight water, 
10% by weight of a mbced ethoxytated (7 moles E.0>) phenol resin, and 18% by weight isoamyl alcohol. The 
resin composlttons which were tested are ae follows: 



Resin #1 Resin Compositiion Including Methylene Dianiline 
pardl^ner 



Bisphenol A epoxy resin 

butyl glycidal ether 

Silane A-1120'" (Union Carbide Co.) 

TONOX-22™ (UNIROYAL Chemical Co.) 

(eutectic mixture of methylene 

dianiline, i.e., 78% by weight, 

and higher nole weight 

homologues) 
methyl alcohol 
butyl lactate 

ethyl hexanoic salt of 2,4,6, tri- 
( methy 1 -N-d ime thy 1 ami ne ) 



100 parts by weight 
12 parts by weight 
2 parts by weight 



35 parts by weight 
25 parts by weight 
6 parts by weight 

€ parts by weight 



Reain #2 — Reain Composition of the Present Invention 

Bisphenol A epoxy resin lOO parts by weight 

butyl glycidal ether 12 parts by weight 

Silane A-1120'" 2 parts by weight 
l-4,dia]ninocyclohexane adduct of 

bisphenol A epoxy 64 parts by weight 

methyl alcohol 49 parts by weight 

butyl lactate 6 parts by weight 
ethyl hexanoic salt of 2,4,6 tri* 

(methyl-N-dlmethylamine) 6 parts by weight 



The ethyl hexanoic salt of 2,4,6 tri(methyl-N-dimethylambie Is avaHabie from Air Producte Co. as a com- 
mercial product (Anchamlne K-61B^. 

The bisphenol A lesln Is available from Shell Chemical Ca as EPON 828™. The mixture of blaphend A 
epoxy resin and bufyl glycidal ether Is avaflaUe from SheU Chemical Ca ae EPON 815™. 
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Realn ^3 Resin ConiDosition Including 1 , 4-Diaininocvclohexang 

Bisphenol A epoxy resin 100 parts by weight 

butyl glycidal ether 12 parts by weight 

Si lane A- 1120 2 parts by weight 

l-4,dlaiiinocyclohexane IS parts by weight 
ethyl hexamoic salt of 2,4,6 tri- 

(methyl-N-dinethylanine) 2 parts by weight 



Proo«dufs 



Tost alurilet wers prepared using 250 oc of aqueous gel containing surfactant. 250 g of 20/40 meeh Ottawa 
IB sand, 7.6 cc of one of the resin formulatione deecribed atxive and a breaker, 0.024 g of sodium persuifate. 
Finally, in some tests a brsaker accelerator, 0.1 cc of triethand amine was used. Also, In some tests, a cross- 
llnicsr for the aqueous gel was used. The crosslinker was 0.12 of cc of a 30% by weight solution of sodium 
hydroxide and ftimarlc add. 

The durries wsre stirred for 1 minute and t hen poured into one or mors tubee for consolidation of the sand. 
20 The tubee were glees tubes coated with a moid rdeaae agent and stopper at one end. The sand in each durry 
within eech tube was tamped down, damped under mechanicd preesure and then diowed to cure in a water 
bath at 120''F for 20 hours. Aseparate amount of each slurry was placed in a separate container in the 120''F 
water bath and obeerved to determine the time required for the gd to brealc After curing, the sand oonsdi- 
dations contained in the glass tubes were removed by brealdng the tubee and tasted for compreeelve sbwgth 
2B using a Tinue-Olsen press. The results of these tests are given In the Table which follows. 



Tabl^ of Tmmt, a««ulf 



30 



35 



Resin 
#1 


Gel 

crossllnked 


Sodium 
Persuifate 
Brsater in 

Slurry . - 


Trlsthanol 
tains 

in $lmrPL. 


Oompresaive 
Stcength 

IDSI) 


Gel Break 


no 


yes 


no 


1500 


no break 


#1 


no 


yes 


yes 


1600 


no break 


#1 


yea 


yes 


yee 


100 


no break 


#2 


no 


yes 


no 


900 


20 


#2 


no 


yes 


yee 


800 


3-4 


#2 


yes 


yM 


no 


170 


16 


#2 


yes 


yes 


yee 


600 


3-4 


#3 


no 


yes 


no 


none 


no break 


#3 


yes 


yes 




no coating 


3-4 



none 



Ciaime 

1. A hardenaUe redn compositkNi compridng a hardenade pdyepoxMe redn, one or mote substantidly wa- 
ter immiecible dBuente present In saM reebi oompoeltkM) to kiwer the visoodty thereof, and a hardening 

55 agent comprised of the adductformed by reecdng an diphatic amine with the condensstton reactkm prod- 

uct of epicdorohydrin and bisphend A. 

2. A oompodtkNi according to ddm 1 . wherdn the amine Is ethylene diamine, tilethyiene tetramlne, tslre- 

a 
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ethytone pentamine. bl8(p-amlnocyclohexyO methane, adiamlne 
or trtaurine of cydohexane. 

AcomposMon according to daim 2. wherein said amine is Iriethylene tetramine. 1 .2-diamino cydohexane 
or 1,4-<flamino ^dohaxane. 

A oompoaitlon according to data 1 ,2 or 3 wheiein the pdyvpoxida resin comprises the condensation r- 
action product of epichloiohydrin and bisphend A. 

A oompoeltion according to dakn 4. wherein said one or more substantially water immiscible diluente in- 
duT areactlve diuent sdeded ftom butyl glyddyl ethei; creed glyddyl ether. aHyl glyddyl eth«^hanyl 
glyddyl ether, butyl ditfyddyl ether, resordnd diglyddyl ether and mbduraa of two or mora thereof. 

Acompoeitton according to any of dabns 1 to 5. wherein said one or mors substantialy wator immisdble 
diuents Induda a non-iaactlve diluent adedad from compounds having the aiructual Ibrmula: 

O 0 0 

II II 
R,- 1 - OR or Ri -C - OR2O - C - Ri 

whoroin R le C„H»,»i in which n le an integer of from 1 to 8; R, le C«Han^i wherein m Is an Integer 
offromi to4.orRi la 




wherdn y le an integer of ftom 1 to 4 and X la H or OH; and Ra la C,Ha, wherein a Is an bitoger c# 

firofn2 to 5* 

7. A composition according to any of daln« 1 to 6. whk* dao Indude an aqueous llquM In whteh said hard- 
enable resin composition is dispersed. 

8. Acomposltlon according to dabn 7. wherein said aqueous liquid Indudes s pdysaccharide pdymer gdling 
agent therein. 

S. A composition accoidlng to daim 7 or 8. whk* Is mixed with particdato malerid suspended in said aqu- 
sous liquid, which partkxiiato matorid la coated with said reain oompodtion. 

iflL A comoodtton according to any of dalma 1 to 9. which further indudee one or more surface adive agents 
forpronotlngthe coating of p»tiouiato matorfal with said rsdn compodtlon. said one or mors surface 
active agents including a non^lonlc surface adIve agent comprieing at least one member sdeded from 
ethoxylated «^ adda produced by reacting fatty adda containing ftom 12 to 22 carbon atoma with from 
5 to 20 mdee of ethyleneoxide per mde of fatly add. and mbdures of said ethoxytatod fatty acids wth 
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